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  An  apparatus  (11)  for  purifying  blood  which  is  able  to 
separate  blood  into  plasma  and  blood  rich  in  blood  cells,  to 
purify  the  separated  plasma  and  to  mix  the  purified  plasma 
into  the  blood  stream  simultaneously  by  itself.  The  appa- 
ratus  (11)  has  two  parts,  i.e.  a  blood  flowing  system  (12-16) 
in  which  the  blood  is  separated  by  means  of  porous  hollow 
fibers  (14)  provided  in  a  container  (11)  and  the  purified 
plasma  is  mixed  into  the  blood  stream  through  the  hollow 
fibers  (14),  and  a  plasma  flowing  path  (19,  24,  25,  20)  in 
which  the  separated  plasma  is  circulated  and  purified  at  a 
plasma  purifying  device  (25)  provided  on  the  way  of  the 
path.  The  apparatus  (11)  has  a  simple  structure  and  can  be 
operated  without  any  specific  cares  and  difficulty.  The  appa- 
ratus  is  free  from  any  problems,  for  instance,  hemolysis, 
fiber  blockage,  mixing  of  the  purifier  particles  into  blood, 
and  the  like. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s  
f o r   p u r i f y i n g   b l o o d ,   w h i c h   is   u s e f u l   f o r   e l i m i n a t i n g  

u n n e c e s s a r y   or  i m p u r e   s u b s t a n c e s   f r o m   t h e   b l o o d   of  a  

p a t i e n t   and   p u r i f y i n g   t h e   b l o o d .  

In  r e c e n t   y e a r s ,   as  a  m e t h o d   f o r   p u r i f y i n g   t h e  

b l o o d ,   a  m e t h o d   has   been   b r o a d l y   u s e d ,   in  w h i c h   p l a s m a   i s  

s e p a r a t e d   f r o m   b l o o d ,   u n n e c e s s a r y   s u b s t a n c e s   a r e  

e l i m i n a t e d   f r o m   t h e   p l a s m a   to   p u r i f y   i t ,   and  t h e n ,   t h e  

p u r i f i e d   p l a s m a   i s   r e t u r n e d   i n t o   a  p a t i e n t   b o d y .  

The  a b o v e   m e t h o d   has   a d v a n t a g e s   t h a t   t h e r e   i s  

no  p o s s i b i l i t y   of  i n f e c t i o n   in  c o m p a r i s o n   w i t h   a  p l a s m a -  

e x c h a n g e   t r e a t m e n t   and  t h a t   a  l o s s   and   a  damage   of  b l o o d  

c e l l s   a r e   l e s s   in  c o m p a r i s o n   w i t h   a  d i r e c t - h e m o p e r f u s i o n  

t r e a t m e n t ,   in  w h i c h   b l o o d   i s   d i r e c t l y   c o n t a c t e d   w i t h   a  

p u r i f i e r   or  t h e   l i k e   to   e l i m i n a t e   t h e   u n n e c e s s a r y  
s u b s t a n c e s .  

The  m e t h o d   c o n s i s t s   of  t h r e e   p r o c e s s e s ,   i . e .   a  

p r o c e s s   f o r   s e p a r a t i n g   b l o o d   i n t o   p l a s m a   and  b l o o d   r i c h  

in  b l o o d   c e l l s   (a  p l a s m a - s e p a r a t i n g   p r o c e s s ) ,   a  p r o c e s s  
f o r   p u r i f y i n g   t h e   p l a s m a   by  p a s s i n g   t h r o u g h   a  p u r i f y i n g  

d e v i c e   to   e l i m i n a t e   t h e   u n n e c e s s a r y   s u b s t a n c e s   ( a  

p u r i f y i n g   p r o c e s s )   and   a  p r o c e s s   f o r   m i x i n g   t h e   p u r i f i e d  

p l a s m a   w i t h   t h e   b l o o d   r i c h   in  b l o o d   c e l l s   (a  m i x i n g  

p r o c e s s ) .  

A  c o n t i n u e o u s   c e n t r i f u g a t i o n   or  a  p o r o u s  
m e m b r a n e   can   be  u s e d   in  t h e   p l a s m a - s e p a r a t i n g   p r o c e s s   t o  

s e p a r a t e   t h e   b l o o d ,   and  r e c e n t l y ,   a  p l a s m a - s e p a r a t o r  

e m p l o y i n g   a  p o r o u s   h o l l o w   f i b e r   w h i c h   i s   r e l a t i v e l y   e a s y  
to   h a n d l e   has   been   b r o a d l y   u s e d .   H o w e v e r ,   e v e n   in  t h o s e  

c a s e s ,   s c r u p u l o u s   a t t e n t i o n s   m u s t   be  p a i d   a t   t h e  

b e g i n n i n g   of  a  b l o o d   c i r c u l a t i o n   o u t s i d e   t h e   body  ( a  



p r i m i n g   p e r i o d ) ,   and  an  o p e r a t i o n   i s   n e c e s s a r y ,   t h a t   a  

p l a s m a   f i l t r a t i o n   r a t e   is   g r a d u a l l y   i n c r e a s e d   t o   a  s t e a d y  

s t a t e   w i t h   c o n t r o l l i n g   a  b a l l a n c e   b e t w e e n   t h e   p l a s m a  

f i l t r a t i o n   r a t e   and  t h e   b l o o d   f l o w   r a t e .   I f   s u c h   a n  

o p e r a t i o n   i s   f a u l t i l y   h a n d l e d ,   v a r i o u s   p r o b l e m s   s u c h   a s  

h e m o l y s i s   and  b l o c k i n g   of  t h e   m e m b r a n e   w i l l   be  c a u s e d .  

Such  p r o b l e m s   w i l l   e v e n t u a l l y   c a u s e   t h e   d e c r e a s e  o f  

p l a s m a   f i l t r a t i o n   r a t e .   F u r t h e r ,   i t   i s   n e c e s s a r y   t o  

m a i n t a i n   a  t r a n s   m e m b r a n e   p r e s s u r e   w i t h i n   a  d e f i n i t e  

r a n g e ,   and  when  i t   i s   n e g l e c t e d ,   t h e   same  p r o b l e m s   a s  

d e s c r i b e d   a b o v e   w i l l   a l s o   o c c u r r .   As  m e n t i o n e d  

h e r e i n b e f o r e ,   a  c o n v e n t i o n a l   p l a s m a - s e p a r a t i n g   p r o c e s s  
has   a  d r a w b a c k   t h a t   i t s   o p e r a t i o n   i s   c o m p l i c a t e d   a n d  

s k i l l e d   t e c h n i c s   a r e   r e q u i r e d   f o r   t h e   o p e r a t i o n .  

In  t h e   p u r i f y i n g   p r o c e s s ,   a  r e m o v i n g   d e v i c e   i s  

u s e d   to   e l i m i n a t e   t h e   u n n e c e s s a r y   s u b s t a n c e s   w h i c h   i s  

c o n s i s t i n g   of  a  c o n t a i n e r   c h a r g e d   w i t h   a  p u r i f y i n g   a g e n t  

s u c h   as  an  ion   e x c h a n g e   r e s i n   or  an  i m m u n o l o g i c a l  

a d s o r b e n t   or  an  a d s o r b e n t   p r e p a r e d   by  f i x i n g   a  m a t e r i a l  

h a v i n g   an  a f f i n i t y   f o r   t h e   u n n e c e s s a r y   s u b s t a n c e s   to   a  

w a t e r - i n s o l u b l e   c a r r i e r .   H o w e v e r ,   a  c o n v e n t i o n a l  

a p p a r a t u s   f o r   p u r i f i c a t i o n   of  b l o o d   s u c h   as  t h e   a p p a r a t u s  
d i s c l o s e d   in  J a p a n e s e   E x a m i n e d   P a t e n t   P u b l i c a t i o n   ( T o k k y o  

Kokoku)   No.  2 2 1 0 7 / 1 9 8 0   has  s e v e r a l   p r o b l e m s .  

H e r e i n a f t e r ,   t h e   p r o b l e m s   a r e   e x p l a i n e d   w i t h   r e f e r e n c e   t o  

F i g .   1 .  

F i g .   1  is   a  b l o c k   d i a g r a m   s h o w i n g   a  

c o n v e n t i o n a l   a p p a r a t u s   f o r   a  p u r i f i c a t i o n   of  b l o o d ,  

w h e r e i n   a  b l o o d - c i r c u l a t i n g   pump  1,  a  p l a s m a   s e p a r a t o r   2 ,  

a  p l a s m a   pump  3,  a  p l a s m a   p u r i f y i n g   d e v i c e   4  and   a  m i x i n g  

v e s s e l   5  a r e   c o n n e c t e d   so  t h a t   t h e   b l o o d   f l o w s   i n t o   t h e  

s e p a r a t o r   2  l i k e   an  a r r o w   A  and  f l o w s   ou t   f rom  t h e   v e s s e l  

5  l i k e   an  a r r o w   B .  

P l a s m a   s e p a r a t e d   a t   t h e   s e p a r a t o r   2  i s  

t r a n s f e r r e d   to   t h e   p u r i f y i n g   d e v i c e   4  by  means   of  t h e  

pump  3,  w h e r e b y   t h e   p l a s m a   has   o n l y   one  c h a n c e   t o  

c o n t a c t   w i t h   a  p l a s m a   p u r i f i e r   in  t h e   d e v i c e   4  a f t e r  

s e p a r a t e d   f rom  t h e   b l o o d .   I t   is   n o t   u n t i l   t h e   t i m e   w h e n  



t h e   p l a s m a   is   m i x e d   w i t h   b l o o d   r i c h   in  b l o o d   c e l l s   a t   t h e  

m i x i n g   v e s s e l   5,  and  t h e   b l o o d   i s   once   r e t u r n e d   i n t o   a  

b o d y ,   t a k e n   o u t   f rom  t h e   body  a g a i n   and   s u b j e c t e d   t o   a  
s e p a r a t i o n   a t   t h e   s e p a r a t o r   2,  and  t h e n ,   t h e   s e p a r a t e d  

p l a s m a   is   t r a n s f e r r e d   to   t h e   d e v i c e   4  a g a i n ,   t h a t   t h e  

p l a s m a   w h i c h   i s   n o t   s u f f i c i e n t l y   p u r i f i e d   can  come  in  t h e  

n e x t   c o n t a c t   w i t h   t h e   p u r i f i e r .  

C o n s e q u e n t l y ,   as  l o n g   as  e m p l o y i n g   t h e  

c i r c u l a t i n g   p a t h   as  shown  in  F i g .   1,  f o r   t h e   p u r p o s e   o f  

i m p r o v i n g   t h e   p u r i f i c a t i o n   e f f i c i e n c y ,   t h e r e   is   no  o t h e r  

way  e x c e p t   t h a t   a  p u r i f i e r   h a v i n g   an  e x t r e m e l y   g o o d  

p u r i f i c a t i o n   a b i l i t y   i s   u s e d ,   t h a t   a  l a r g e   a m o u n t   of  a  

p u r i f i e r   i s   c h a r g e d   in  t h e   d e v i c e   or  t h a t   a  c o n t a c t   t i m e  

is   i n c r e a s e d   by  l o w e r i n g   t h e   t a k i n g   s p e e d   of  p l a s m a .  

H o w e v e r ,   when  a  p u r i f i e r   i s   c h a r g e d   in  t h e   d e v i c e   in  a  

l a r g e   a m o u n t ,   an  a m o u n t   of  b l o o d   and  p l a s m a   o u t s i d e   t h e  

body   is   i n c r e a s e d   d u r i n g   t h e   c i r c u l a t i o n ,   and   a  p a t i e n t  

i s   e x p o s e d   to   a  d a n g e r o u s   c o n d i t i o n .   When  t h e   p l a s m a  

f l o w   r a t e   i s   l o w e r e d ,   a  t r e a t i n g   t i m e   b e c o m e s   l o n g e r   a n d  

i t   i s   d i s a d v a n t a g e o u s .   T h e r e f o r e ,   a  p u r i f i e r   u s a b l e   i n  

t h e   p u r i f y i n g   a p p a r a t u s   d e s c r i b e d   a b o v e   is   l i m i t e d   to   a  

p u r i f i e r   w h i c h   has   a  h i g h   p u r i f i c a t i o n   r a t e .  

M o r e o v e r ,   t h e   p u r i f y i n g   a p p a r a t u s   shown  i n  F i g .  

1  has   a  s e r i o u s   p r o b l e m   t h a t   t h e r e   i s   a  d a n g e r   t h a t   t h e  

p u r i f i e r   f l o w s   i n t o   t h e   b l o o d   s t r e a m .   As  t h e   p u r i f i e r ,  

a  p u r i f i e r   in  t h e   fo rm  of  p a r t i c l e   is   g e n e r a l l y   u s e d ,   a n d  

t h e r e   i s   a  p o s s i b i l i t y   t h a t   p u r i f i e r   p a r t i c l e s   or  t h e  

b r o k e n   p i e c e s   t h e r e o f   l e a k   f r o m   t h e   p u r i f y i n g   d e v i c e   4  b y  

t h e   p l a s m a   c u r r e n t   and  f l o w   i n t o   t h e   b l o o d   on  t h e   p l a s m a  

c u r r e n t .   For   t h e   p u r p o s e   of  a v o i d i n g   s u c h   a  d a n g e r ,   i t  

is   r e q u i r e d   to   p r o v i d e   a  f i l t e r   a t   an  i n l e t   and  an  o u t l e t  

of  t h e   p u r i f y i n g   d e v i c e .  

For   t h e   p u r p o s e   of  s o l v i n g   many  p r o b l e m s   a s  

d e s c r i b e d   a b o v e ,   t h e   p r e s e n t   i n v e n t o r s   h a v e   s t u d i e d  

e a r n e s t l y   and  h a v e   f o u n d   a  s u r p r i s i n g   f a c t .   H e r e i n a f t e r ,  

a  p r i n c i p l e   of  t h e   p r e s e n t   i n v e n t i o n   i s   e x p l a i n e d  

r e f e r r i n g   to   F i g .   2 .  

F i g .   2  is  a  s c h e m a t i c   d i a g r a m   to  e x p l a i n   t h e  



p r i n c i p l e .   A  p l a s m a   s e p a r a t o r   was  made  u s i n g   a  p o r o u s  
h o l l o w   f i b e r .   A  b l o o d   f l o w e d   i n t o   t h e   s e p a r a t o r   in  t h e  

d i r e c t i o n   of  an  a r r o w   C  and  f l o w e d   ou t   f rom  t h e   s e p a r a t o r  

in  t h e   d i r e c t i o n   of  an  a r r o w   D.  The  s e p a r a t e d   p l a s m a   w a s  

t a k e n   ou t   f rom  a  p l a s m a   r e s e r v o i r   v i a   an  o u t l e t   6,  a n d  

v i a   an  i n l e t   10,  was  i n t r o d u c e d   i s o t o n i c   s o d i u m   c h l o r i d e  

s o l u t i o n   9  i n t o   t h e   p l a s m a   r e s e r v o i r .   A  t a k i n g   pump  7 

and  an  i n j e c t i n g   pump  8  were   p r o v i d e d   on  t h e   way  of  t h e  

t a k i n g   p a t h   and  i n j e c t i n g   p a t h ,   r e s p e c t i v e l y .   The  p u m p s  
7  and  8  w e r e   r u n n i n g   a t   t h e   same  s p e e d   t o   o b t a i n   a  t a k i n g  

a m o u n t   of  p l a s m a   e q u a l   to   t h a t   in  c a s e   of  an  a c t u a l  

t r e a t m e n t .   At  1  hr  a f t e r   an  e x p e r i m e n t   s t a r t e d ,   t h e r e  

was  f o u n d   l i t t l e   s i g n   t h a t   t h e   i s o t o n i c   s o d i u m   c h l o r i d e  

s o l u t i o n   i n t r o d u c e d   v i a   t h e   i n l e t   10  was  m i x e d   in  t h e  

p l a s m a   f l o w i n g   ou t   f rom  t h e   p l a s m a   r e s e r v o i r   v i a   t h e  

o u t l e t   6.  The  p l a s m a   t a k e n   ou t   v i a   t h e   o u t l e t   6  h a d  

a l m o s t   t h e   same  c o m p o n e n t s   as  t h a t   of  t h e   p l a s m a   in  a n  

o r i g i n a l   b l o o d ,   i . e .   a t   l e a s t   70  to   80 %  of  t h e   t o t a l  

p r o t e i n s   f l o w e d   o u t   v i a   t h e   o u t l e t   6.  T h a t   i s ,   t h e  

p r e s e n t   i n v e n t o r s   have   f o u n d   a  f a c t   t h a t   a l m o s t   a l l   t h e  

i s o t o n i c   s o d i u m   c h l o r i d e   s o l u t i o n   i n t r o d u c e d   v i a   t h e  

i n l e t   10  f l o w e d   i n t o   t h e   b l o o d   s t r e a m   v i a   t h e   p o r e s   o f  

t h e   h o l l o w   f i b e r s .  

The  p r e s e n t   i n v e n t i o n   makes   use   of  s u c h   a  f a c t ,  

i . e .   a  p l a s m a   p u r i f y i n g   d e v i c e   is   p r o v i d e d   b e t w e e n   t h e  

pumps  7  and  8,  w h e r e b y   t h e   p u r i f i e d   p l a s m a   does   no t   f l o w  

i n t o   a  d i r e c t i o n   t o w a r d   t h e   o u t l e t   6  b u t  . f l o w s   i n t o   t h e  

b l o o d   s t r e a m ,   v i a   t h e   p o r o u s   h o l l o w   f i b e r s   so  t h a t   a  

p u r i f i e d   b l o o d   f l o w i n g   ou t   f r o m   t h e   s e p a r a t o r   v i a   a n  

o u t l e t   in  t h e   d i r e c t i o n   of  an  a r r o w   D  is   o b t a i n e d .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e  

is   p r o v i d e d   an  a p p a r a t u s   f o r   p u r i f i c a t i o n   of  b l o o d  

c o m p r i s i n g   (A)  a  b l o o d   f l o w i n g   s y s t e m   i n c l u d i n g   a  p l a s m a  

s e p a r a t i n g   d e v i c e   h a v i n g   a  b l o o d   i n l e t ,   a  b l o o d   o u t l e t  

f rom  w h i c h   p u r i f i e d   b l o o d   f l o w s   o u t ,   a t   l e a s t   one  p l a s m a  

r e s e r v o i r   b e t w e e n   s a i d   i n l e t   and  o u t l e t   w h i c h   has   a t   l e a s t  

one  p l a s m a   o u t l e t   and  i n l e t   l o c a t i n g   c l o s e   to   s a i d   b l o o d  

i n l e t   and   o u t l e t ,   r e s p e c t i v e l y ,   and  (B)  a  p l a s m a   f l o w i n g  



p a t h   i n c l u d i n g   a t   l e a s t   one  p l a s m a   p u r i f y i n g   d e v i c e ,  

w h i c h   a l l o w s   p l a s m a   to   f l o w   f rom  s a i d   p l a s m a   o u t l e t   o f  

s a i d   p l a s m a   s e p a r a t i n g   d e v i c e   to   s a i d   p l a s m a   i n l e t   v i a  

s a i d   p l a s m a   p u r i f y i n g   d e v i c e ;   s a i d   p l a s m a   s e p a r a t i n g  

d e v i c e   is   made  up  of  s a i d   b l o o d   i n l e t ,   s a i d   b l o o d   o u t l e t  

f rom  w h i c h   p u r i f i e d   b l o o d   f l o w s   ou t   and  s a i d   p l a s m a  

r e s e r v o i r   s o r r o u n d e d   by  a  c o n t a i n e r ,   an  i m p u r e   b l o o d  

room  and   a  p u r i f i e d   b l o o d   room;   in  s a i d   p l a s m a   r e s e r v o i r  

a r e   e n c l o s e d   p o r o u s   h o l l o w   f i b e r s ;   and  s a i d   b l o o d   i n l e t  

and  s a i d   b l o o d   o u t l e t   a r e   c o n n e c t e d   by  s a i d   p o r o u s   h o l l o w  

f i b e r s ;  

so  t h a t   t h e   b l o o d   f l o w i n g   i n t o   s a i d   p l a s m a  

s e p a r a t i n g   d e v i c e   v i a   s a i d   b l o o d   i n l e t   i s   s e p a r a t e d   i n t o  

t h e   p l a s m a ,   t h e   p l a s m a   is   t a k e n   o u t   t h r o u g h   s a i d   p l a s m a  

o u t l e t   to   s a i d   p l a s m a   p u r i f y i n g   d e v i c e   and  p u r i f i e d   a t  

s a i d   p l a s m a   p u r i f y i n g   d e v i c e ,   t h e   p u r i f i e d   p l a s m a   i s  

r e t u r n e d   to   s a i d   p l a s m a   r e s e r v o i r   t h r o u g h   s a i d   p l a s m a  

i n l e t   and   p a s s e s   t h r o u g h   s a i d   p o r o u s   h o l l o w   f i b e r s   to   m i x  

w i t h   b l o o d .  

F i g .   1  i s   a  b l o c k   d i a g r a m   of  a  c o n v e n t i o n a l  

a p p a r a t u s   f o r   a  p u r i f i c a t i o n   of  b l o o d ;  

F i g .   2  is   a  s c h e m a t i c   d i a g r a m   to  e x p l a i n   t h e  

p r i n c i p l e   of  t h e   i n v e n t i o n ;  

F i g .   3  i s   a  f l o w   c h a r t   of  an  e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

F i g .   4  and   F i g .   5  a r e   a n o t h e r   e m b o d i m e n t s   o f  

t h e   i n v e n t i o n ,   r e s p e c t i v e l y ;   a n d  

F i g .   6  is   a  b l o c k   d i a g r a m   s h o w i n g   t h e  

e x p e r i m e n t   u s i n g   t h e   a p p a r a t u s   of  t h e   i n v e n t i o n .  

H e r e i n a f t e r ,   an  a p a r a t u s   f o r   p u r i f y i n g   b l o o d   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   e x p l a i n e d   r e f e r r i n g   t o   t h e  

a t t a c h e d   d r a w i n g s   s h o w i n g   an  e m b o d i m e n t ,   r e s p e c t i v e l y .  

F i g .   3  shows   a  f l o w   c h a r t   of  an  e m b o d i m e n t   o f  

an  a p p a r a t u s   f o r   p u r i f y i n g   b l o o d   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n .   A  p l a s m a   s e p a r a t o r   i s   shown  in  t h e  

l o n g i t u d i n a l   s e c t i o n .   Ar row  h e a d s   in  t h e   c h a r t   show  a  

f l o w   of  b l o o d .   In  F i g .   3,  t h e   n u m b e r s   11,  18  and  19 

r e p r e s e n t   a  c o n t a i n e r ,   a  s e a l a n t   and  a  p l a s m a   f l o w  



o u t l e t ,   r e s p e c t i v e l y ,   and  o t h e r   n u m b e r s   w i l l   be  e x p l a i n e d  

h e r e i n a f t e r .  

B l o o d   is  i n t r o d u c e d   v i a   b l o o d   f l o w   i n l e t   12 

i n t o   an  i m p u r e   b l o o d   room  15  by  means   of  an  e x t e r n a l  

b l o o d   c i r c u l a t i o n   pump  ( n o t   shown)   and  is  s e p a r a t e d   i n t o  

b l o o d   h a v i n g   a  h i g h   c o n c e n t r a t i o n   of  b l o o d   c e l l s   a n d  

p l a s m a   d u r i n g   p a s s i n g   t h r o u g h   a  b u n c h   of  h o l l o w   f i b e r s  

14  due  t o   a  f l o w   i n l e t   p r e s s u r e .  

At  t h a t   t i m e ,   a  p r e s s u r e   d i f f e r e n c e  

c o r r e s p o n d i n g   to  a  p r e s s u r e   d r o p   c a u s e d   by  t h e   bunch   o f  

h o l l o w   f i b e r s   a r i s e s   b e t w e e n   t h e   i m p u r e   b l o o d   room  15  a n d  

a  p u r i f i e d   b l o o d   room  16  and  a l s o   t h e   b l o o d   p r e s s u r e   i n  

t h e   bunch   of  h o l l o w   f i b e r s   c h a n g e s   by  a  g r a d a t i o n   t h a t  

t h e   b l o o d   p r e s s u r e   of  a  n e a r e r   p o i n t   to   t h e   i n l e t   12  i s  

h i g h e r .  

When  a  p l a s m a   c i r c u l a t i o n   pump  24  i s   n o t  

o p e r a t e d ,   at  t h e   s i d e   of  t he   i n l e t   12  of  t h e   b u n c h   o f  

h o l l o w   f i b e r s   14,  a  f i l t r a t i o n   p r o c e e d s   b e c a u s e   of  t h e  

h i g h e r   b l o o d   p r e s s u r e   in  t h e   h o l l o w   f i b e r s   and  a t   t h e  

s i d e   of  a  b l o o d   f l o w   o u t l e t   13,  n e a r   a  p l a s m a   f l o w   i n l e t  

20,  p l a s m a   f l o w s   back   i n t o   t he   h o l l o w   f i b e r s   b e c a u s e   o f  

t h e   l o w e r   p r e s s u r e   in  t h e   h o l l o w   f i b e r s   t h a n   t h a t   in  a  

p l a s m a   r e s e r v o i r   17.  In  a  c o n v e n t i o n a l   s y s t e m ,   t h e  

p r e s s u r e   in  t h e   p l a s m a   r e s e r v o i r   was  k e p t   l o w e r   t h a n   t h a t  

in  t h e   h o l l o w   f i b e r s ,   b e c a u s e   p l a s m a   was  e x t r a c t e d   a n d  

fed   v i a   p u r i f y i n g   d e v i c e   i n t o   a  m i x i n g   d e v i c e .  

In  t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,  

s i n c e   t h e   e x t r a c t e d   p l a s m a   is  f ed   v i a   p l a s m a   p u r i f y i n g  

d e v i c e   25  i n t o   t h e   p l a s m a   r e s e r v o i r   17  of  t h e   p l a s m a  

s e p a r a t o r ,   t he   p r e s s u r e   in  t he   p l a s m a   r e s e r v o i r   17  i s  

a l m o s t   k e p t   to  t h e   m i d d l e   b e t w e e n   t h e   p r e s s u r e   n e a r   t h e  

i n l e t   12  of  t he   bunch   of  h o l l o w   f i b e r s   14  and  t h e  

p r e s s u r e   n e a r   t h e   o u t l e t   13  of  t h e   bunch   of  t h e   h o l l o w  

f i b e r s   1 4 .  

T h e r e f o r e ,   a c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e  

p u r i f i e d   p l a s m a   f l o w s   back   i n t o   t h e   h o l l o w   f i b e r s   and  i s  

m i x e d   w i t h   b l o o d   by  p a s s i n g   t h r o u g h   t he   p o r e s   of  t h e  

h o l l o w   f i b e r s ,   and  t he   p u r i f i e d   p l a s m a   f l o w s   ou t   a s  



p u r i f i e d   b l o o d   t h r o u g h   t h e   o u t l e t   1 3 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   a  p r e s s u r e   g r a d i e n t  

in  t h e   h o l l o w   f i b e r s   a r i s i n g   a t   t h e   t i m e   when  b l o o d   f l o w s  

in  t h e   h o l l o w   f i b e r s   is  u t i l i z e d   as  a  d r i v i n g   f o r c e   f o r  

t h e   s e p a r a t i o n   and  r e c o m b i n a t i o n   of  b l o o d   and  p l a s m a .  

T h e r e f o r e ,   as  l o n g   as  t h e   b l o o d   c i r c u l a t i o n   pump  i s  

a p p r o p r i a t e l y   o p e r a t e d ,   any  t r o u b l e s   i n c l u d i n g   h e m o l y s i s  

and  f i b e r   b l o c k a g e   r e s u l t e d   f rom  a  t oo   much  d i f f e r e n c e  

b e t w e e n   t h e   p r e s s u r e s   of  an  i n s i d e   and  an  o u t s i d e   of  a  

m e m b r a n e   of  t h e   f i b e r   a r e   s c a r c e l y   o c c u r r e d   even   i f   t h e  

p l a s m a   c i r c u l a t i o n   pump  24  is   o p e r a t e d   in  any  w a y s .  
F u r t h e r ,   s i n c e   p l a s m a   w h i c h   p a s s e d   t h r o u g h   t h e   p u r i f y i n g  

d e v i c e   25  and  b l o o d   a r e   d e v i d e d   by  a  w a l l   of  t h e   p o r o u s  
m e m b r a n e   of  t h e   h o l l o w   f i b e r s ,   b r o k e n   p i e c e s   or  f i n e  

p a r t i c l e s   of  t h e   p l a s m a   p u r i f i e r s   in  t h e   p u r i f y i n g   d e v i c e  

25  a r e   p r e v e n t e d   f rom  f l o w i n g   i n t o   and  m i x i n g   w i t h   b l o o d .  

Even  i f   a  g r e a t   d e a l   of  s u c h   a  p i e c e   or  p a r t i c l e   s h o u l d  

l e a k   ou t   f rom  t h e   d e v i c e   25,  t r e a t m e n t   c o u l d   be  c o n t i n u e d  

f r e e   f rom  t h e   f i b e r   b l o c k a g e   b e c a u s e   of  a  l a r g e   o u t s i d e  

s u r f a c e   a r e a   of  t h e   h o l l o w   f i b e r s .  

P l a s m a   p u r i f i e r   u s a b l e   in  t h e   p r e s e n t   i n v e n t i o n  

a r e   no t   f u n d a m e n t a l l y   l i m i t e d   in  a  c h a r g i n g   d e n s i t y   or  a  

k i n d .   Even  p l a s m a   p u r i f i e r ,   w h i c h   is  no t   a b l e   to  b e  

a p p l i e d   b e c a u s e   of  i t s   low  p u r i f y i n g   r a t e ,   can  b e  

a p p l i c a b l e   when  t h e   p l a s m a   c i r c u l a t i o n   pump  24  i s  

o p e r a t e d   a t   a  h i g h   s p e e d ,   to  c i r c u l a t e   p l a s m a   r a p i d l y  

b e t w e e n   t h e   p l a s m a   r e s e r v o i r   17  and  t h e   p l a s m a   p u i f y i n g  

d e v i c e   25  s u b s t a n t i a l l y   many  t i m e s ,   and  to  i n c r e a s e  

c o n t a c t   c h a n c e s   of  p l a s m a   w i t h   t h e   p u r i f i e r s .  

C o n v e n t i o n a l   known  p u r i f i e r s ,   f o r   e x a m p l e ,   a c t i v a t e d  

c a r b o n ,   a l u m i n a ,   ion  e x c h a n g e   r e s i n ,   a d s o r b e n t  m a d e   of  a  

w a t e r - i n s o l u b l e   c a r r i e r   h o l d i n g   m a t e r i a l s   h a v i n g   a f f i n i t y  

f o r   t h e   o b j e c t s   to  be  r e m o v e d   a r e ,   of  c o u r s e ,   a p p l i c a b l e .  

M o r e o v e r ,   a  p u r i f i e r   c o n t a i n i n g   i m m o b i l i z e d   e n z y m e s   i s  

a l s o   a p p l i c a b l e   w h i c h   e l i m i n a t e s   t h e   o b j e c t s   to  b e  

r e m o v e d   by  a  c h e m i c a l   r e a c t i o n ,   r e g a r d l e s s   of  i t s  

r e a c t i o n   r a t e .  

As  t h e   o b j e c t s   to  be  r e m o v e d ,   t h e r e   can  b e  



e x e m p l i f i e d ,   f o r   e x a m p l e ,   w a s t e   p r o d u c t s ,   LDL 

c h o l e s t e r o l ,   p r o t e i n   bound   t o x i n ,   v a r i o u s   c a u s a l   o b j e c t s  
of  d i s e a s e s   r e l a t e d   to  i n n u m i t y   i n c l u d i n g   an  i m m u n e  

c o m p l e x   of  an  a u t o a n t i b o d y ,   and  t h e   l i k e .  

A  p o r o u s   h o l l o w   f i b e r   u s a b l e   in  t h e   p r e s e n t  
i n v e n t i o n   is   a  p o r o u s   h o l l o w   f i b e r   h a v i n g   a  h i g h   p l a s m a  

p e r m e a t i o n   r a t e   and  i n h i b i t i n g   a  p a s s   of  b l o o d   c e l l s ,   a n d  

in  c a s e   of  u s i n g   such   a  f i b e r ,   a  s a t i s f a c t o r y  

p u r i f i c a t i o n   of  b l o o d   can  be  a c h i e f e d .   A  p o r o u s   h o l l o w  

f i b e r   h a v i n g   a  d i a m e t e r   of  p o r e s   a t   t h e   i n s i d e   s u r f a c e   o f  

0 . 0 1   to  10  µm,  p r e f e r a b l y   0 .1   to  2  µm  and  a  p e r m e a t i o n  

r a t e   f o r   p u r e   w a t e r   no t   l e s s   t h a n   2  m l / m 2 · m i n · m m H g ,  

p r e f e r a b l y   of  50  m l / m 2 · m i n · m m H g   is   a d v a n t a g e o u s l y   u s e d .  

When  t h e   d i a m e t e r   of  p o r e s   is   no t   more   t h a n   0 . 0 1   µm,  a  

p e r m e a t i o n   r a t e   of  t h e   o b j e c t s   to   be  r e m o v e d   is   s m a l l   a n d  

a  p u r i f i c a t i o n   e f f i c i e n c y   is   r e m a r k a b l y   l o w e r e d .   On  t h e  

c o n t r a r y ,   when  t h e   d i a m e t e r   of  p o r e s   is  no t   l e s s   t h a n   10 

µm,  a  b l o o d   c e l l   p a s s e s   t h r o u g h   t h e   h o l l o w   f i b e r   o r  

b l o c k s   t h e   p o r e s   of  t he   h o l l o w   f i b e r .   When  t h e  

p e r m e a t i o n   r a t e   f o r   p u r e   w a t e r   is  no t   more  t h a n   2 
m l / m 2 · m i n · m m H g ,   t oo   many  h o l l o w   f i b e r s   a r e   n e c e s s a r y   i n  

o r d e r   to  e f f e c t i v e l y   p u r i f y   b l o o d ,   and  as  t he   r e s u l t ,   t h e  

a m o u n t   of  b l o o d   and  p l a s m a   o u t s i d e   a  body  is  i n c r e a s e d  

d u r i n g   t h e   e x t r a c o r p o r e a l   c i r c u l a t i o n .  

A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   an  i n n e r  

d i a m e t e r   of  t h e   h o l l o w   f i b e r   is  s u i t a b l y   250  to   500  µm 

and  a b o u t   2 , 0 0 0   to  4 , 0 0 0   h o l l o w   f i b e r s   h a v i n g   s u c h   a n  

i n n e r   d i a m e t e r   a r e   p r e f e r a b l y   u s e d   in  t h e   form  of  a  

b u n c h .  

The  m a t e r i a l   f o r   t h e   h o l l o w   f i b e r   is  n o t  

l i m i t e d   to  any  s p e c i f i c   m a t e r i a l s ,   as  l o n g   as  i t   m e e t s  

t h e   a b o v e - m e n t i o n e d   r e q u i r e m e n t s .   T y p i c a l   e x a m p l e s   o f  

such   a  m a t e r i a l   a r e ,   f o r   i n s t a n c e ,   c e l l u l o s e   a c e t a t e ,  

p o l y p r o p y r e n e ,   p o l y s u l f o n e ,   p o l y c a r b o n a t e ,   p o l y e t h y l e n e ,  

p o l y v i n y l a l c o h o l ,   e t h y l e n e - v i n y l a l c o h o l   c o p o l y m e r ,  

p o l y a c r y l o n i t r i l e ,   p o l y a m i d e ,   and  t h e   l i k e .  

F i g .   4  shows  a n o t h e r   e n b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n ,   w h e r e i n   t h e   same  number   as  in  F i g .   3 



r e p r e s e n t s   t he   same  member .   An  a p p r a t u s   of  F i g .   4  is  t h e  

same  as  t h a t   of  F i g .   3  e x c e p t   t h a t   t h e   p l a s m a   r e s e r v o i r  

17  is  d e v i d e d   by  a  p a r t i t i o n   p l a t e   23  b e t w e e n   t h e   p l a s m a  
f l o w   o u t l e t   19  and  t h e   p l a s m a   f l o w   i n l e t   20.  T h e  

a p p a r a t u s   shown  in  F i g .   4  is   p a r t i c u l a r l y   s u i t a b l e   i n  

c a s e   t h a t   t h e   p l a s m a   p u r i f i e r   has  an  e x c e l l e n t  

p u r i f i c a t i o n   e f f i c i e n c y .   The  p l a s m a   c i r c u l a t i n g  p u m p   24  

can  be  o p e r a t e d   at   t h e   n e c e s s a r y   l o w e s t   s p e e d   b e c a u s e   t h e  

p u r i f i e d   p l a s m a   is   s c a r c e l y   m i x e d   w i t h   t h e   i m p u r e   p l a s m a  
in  t h e   p l a s m a   r e s e r v o i r   17.  M o r e o v e r ,   even   when  t h e  

p l a s m a   c i r c u l a t i n g   pump  24  is   o p e r a t e d   at   an  e x c e s s  

h i g h   s p e e d ,   a  t r o u b l e   s u c h   as  h e m o l y s i s   or  f i b e r  

b l o c k a g e   can  be  p r e v e n t e d   s i n c e   t h e   p u r i f i e d   p l a s m a   f l o w s  

t h r o u g h   t h e   h o l l o w   f i b e r s   i n t o   t h e   o t h e r   r e s e r v o i r   p a r t  

n e a r   t he   p l a s m a   f l o w   o u t l e t   19.  N e e d l e s s   to  s a y ,   t h e  

b r o k e n   p i e c e s   and  t h e   p a r t i c l e s   of  t h e   p u r i f i e r s   can  b e  

p r e v e n t e d   f rom  m i x i n g   i n t o   t h e   b l o o d   s t r e a m .  

F i g .   5  shows  f u r t h e r   a n o t h e r   e m b o d i m e n t   of  t h e  

a p p a r a t u s   of  t h e   i n v e n t i o n ,   w h e r e i n   t h e   same  number   as  i n  

F i g .   3  and  F i g .   4  r e p r e s e n t s   t h e   same  member .   T h e  

a p p a r a t u s   shown  in  F i g .   5  is   s u i t a b l e   in  c a s e   t h a t   t h e  

p l a s m a   c i r c u l a t i n g   pump  24  is   o p e r a t e d   w i t h   a  s u f f i c i e n t  

c a r e .   R e f e r r i n g   to  F i g .   5,  t h e   p l a s m a   r e s e r v o i r   i s  

c o m p l e t e l y   d e v i d e d   i n t o   a  p u r i f i e d   p l a s m a   r e s e r v o i r   22  

and  an  i m p u r e   p l a s m a   r e s e r v o i r   21  by  c h a r g i n g   a  s e a l a n t  

26  a t   t h e   m i d d l e   p a r t   of  t h e   b u n c h   of  h o l l o w   f i b e r s   1 4 ,  

and  t h e   b l o o d   s t r e a m   can  p a s s   t h r o u g h   t h e   h o l l o w   f i b e r s .  

In  t h a t   c a s e ,   one  of  t h e   i m p o r t a n t   f e a t u r e s   of  t h e  

p r e s e n t   i n v e n t i o n   t h a t   t h e   b r o k e n   p i e c e s   and  t h e  

p a r t i c l e s   of  t h e   p u r i f i e r s   is   p r e v e n t e d   f rom  m i x i n g   i n t o  

t h e   b l o o d   s t r e a m   can  a l s o   be  e x h i b i t e d .  

F u r t h e r ,   when  two  p o r o u s   p a r t i t i o n   p l a t e s   a r e  

p r o v i d e d   a t   t h e   m i d d l e   p a r t   of  t h e   b u n c h   of  h o l l o w   f i b e r s  

14  l e a v i n g  a   c e r t a i n   s p a c e   b e t w e e n   them  in  t h e   c o n t a i n e r  

11  and  t h e   p l a s m a   p u r i f i e r s   a r e   c h a r g e d   in  t h e   s p a c e ,   t h e  

c o n t a c t   c h a n c e   b e t w e e n   t h e   p l a s m a   and  t h e   p u r i f i e r s   c a n  

be  f u r t h e r   i n c r e a s e d .  

As  e x p l a i n e d   h e r e i n b e f o r e ,   t h e   a p p a r a t u s   f o r  



p u r i f y i n g   b l o o d   of  t h e   p r e s e n t   i n v e n t i o n   is  a b l e   t o  

a c h i e v e   t h e   f o l l o w i n g   t h r e e   e p o c h a l   e f f e c t s   s i m u l t a n e o u s l y .  

.  (1)  Wi th   r e s p e c t   to  t he   c i r c u l a t i n g   pump,  o n l y  

one  pump  s h o u l d   be  c a r e f u l l y   c o n t r o l l e d   w h i l e  

c o n v e n t i o n a l l y   two  pumps  s h o u l d   be  c a r e f u l l y   c o n t r o l l e d .  

(2)  The  d a n g e r   t h a t   t h e   b r o k e n   p i e c e s   and  t h e  

p a r t i c l e s   of  t h e   p u r i f i e r s   a r e   m i x e d   i n t o   t h e   b l o o d   c a n  
be  a v o i d e d .  

(3)  The  p u r i f i e r   h a v i n g   an  i n f e r i o r   p u r i f y i n g  

e f f i c i e n c y   can  a l s o   be  a p p l i c a b l e .  

The  p r e s e n t   i n v e n t i o n   is  more  s p e c i f i c a l l y  

d e s c r i b e d   and  e x p l a i n e d   by  menas   of  t h e   f o l l o w i n g  

E x a m p l e s .   I t   is   to  be  u n d e r s t o o d   t h a t   t h e   p r e s e n t  

i n v e n t i o n   is  n o t   l i m i t e d   to  t h e   E x a m p l e s ,   and  v a r i o u s  

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  in  t h e   i n v e n t i o n  

w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t   and  s c o p e   t h e r e o f .  

E x a m p l e   1 

U s i n g   t h e   a p p a r a t u s   as  shown  in  F i g .   3,  t h e  

w a s t e   p r o d u c t s   were   r e m o v e d   f rom  f r e s h   cow  b l o o d .  

In  a  c o n t a i n e r   h a v i n g   a  l e n g t h   of  23  cm  and  a n  

o u t e r   d i a m e t e r   of  25  mm,  was  p r o v i d e d   a  b u n c h   of  h o l l o w  

f i b e r s   c o n s i s t i n g   of  2 , 7 0 0   p o r o u s   h o l l o w   f i b e r s   o f  

p o l y s u l f o n e   h a v i n g   an  o u t e r   d i a m e t e r   of  400  µm,  an  i n n e r  

d i a m e t e r   of  300  µm,  a  d i a m e t e r   of  p o r e s   a t   t h e   i n s i d e  

s u r f a c e   of  0 .2   µm,  a  d i a m e t e r   of  p o r e s   at   t h e   o u t s i d e  

s u r f a c e   of  0 .8   µm  and  a  p e r m e a t i o n   r a t e   f o r   p u r e   w a t e r   o f  

500  m l / m 2 · m i n · m m H g ,   and  t he   b o t h   ends   of  t h e   bunch   w e r e  
f i x e d   to  t h e   c o n t a i n e r   w i t h   s e a l a n t s   of  p o l y u r e t h a n e ,  

r e s p e c t i v e l y .   A  p l a s m a   f l o w   o u t l e t   and  a  p l a s m a   f l o w  

i n l e t   were   p r o v i d e d   in  t h e   c o n t a i n e r ,   and  t h e y   w e r e  

c o n n e c t e d   to  a  p l a s m a   c i r c u l a t i n g   s y s t e m   as  shown  in  F i g .  

3,  r e s p e c t i v e l y .   200  g  of  a c t i v a t e d   c a r b o n   of  25  to  40 

mesh  was  u s e d   as  t h e   p u r i f i e r .  

U s i n g   t h e   t h u s   c o n s t r u c t e d   a p p a r a t u s ,   4  o f  

f r e s h   cow  b l o o d   was  c i r c u l a t e d   at   a  f l o w i n g   r a t e   of  100  

m l / m i n   by  means   of  a  b l o o d   c i r c u l a t i n g   pump  and  a  p l a s m a  

c i r c u l a t i n g   pump  was  o p e r a t e d   to  g i v e   a  f l o w i n g   r a t e   o f  



p l a s m a   of  25  m l / m i n .   The  b l o o d   w h i c h   was  o b t a i n e d   at  t h e  

b l o o d   f l o w   o u t l e t   had  c o n c e n t r a t i o n s   of  u r i c   a c i d   a n d  

c r e a t i n i n e   d e c r e a s e d   by  68  %  and  70  %  in  c o m p a r i s o n   w i t h  

t h o s e   in  t h e   b l o o d   at   t h e   b l o o d   f l o w   i n l e t ,   r e s p e c t i v e l y .  

E x a m p l e   2 

U s i n g   t h e   a p p a r a t u s   as  shown  in  F i g .   3 ,  

c h o l e s t e r o l   was  r e m o v e d   f rom  b l o o d   of  a  r a b b i t   o f  

h y p e r l i p e m i a .  

In  a  c o n t a i n e r   of  p o l y c a r b o n a t e   h a v i n g   a  l e n g t h  

of  16  cm,  an  o u t e r   d i a m e t e r   of  13  mm  and  an  i n n e r  

d i a m e t e r   of  9  mm,  was  p r o v i d e d   a  b u n c h   of  h o l l o w   f i b e r s  

c o n s i s t i n g   of  240  p o r o u s   h o l l o w   f i b e r s   of  p o l y s u l f o n e  

h a v i n g   an  o u t e r   d i a m e t e r   of  400  µm,  an  i n n e r   d i a m e t e r   o f  

300  µm,  a  d i a m e t e r   of  p o r e s   at   t he   i n s i d e   s u r f a c e   of  0 . 2  

µm,  a  d i a m e t e r   of  p o r e s   a t   t h e   o u t s i d e   s u r f a c e   of  0 .8   µm 

and  a  p e r m e a t i o n   r a t e   f o r   p u r e   w a t e r   of  5 0 0  

m l / m 2 . m i n ' m m H g ,   and  t h e   b o t h   e n d s   of  t h e   bunch   were   f i x e d  

to  t he   c o n t a i n e r   w i t h   s e a l a n t s   of  p o l y u r e t h a n e ,  

r e s p e c t i v e l y .   a  p l a s m a   f l o w   o u t l e t   and  a  p l a s m a   f l o w  

i n l e t   were   p r o v i d e d   in  t h e   c o n t a i n e r   a d j a c e n t   to  t h e  

s e a l a n t s ,   r e s p e c t i v e l y .  

D e x t r a n   s o d i u m   s u l f a t e   was  f i x e d   to  p o r o u s  

c e l l u l o s e   g e l   c o m m e r c i a l l y   a v a i l a b l e   f rom  CHISSO 

CORPORATION  u n d e r   t h e   c o m m e r c i a l   name  of  CSK  A - 3  

( r e m o v a b l e   maximum  m o l e c u l a r   w e i g h t :   5 0 , 0 0 0 , 0 0 0 ,   p a r t i c l e  

s i z e :   45  to  105  µm)  by  t h e   m e t h o d   d e s c r i b e d   in  J a p a n e s e  

P a t e n t   A p p l i c a t i o n   No.  7 0 2 6 7 / 1 9 8 3 .   The  f i x e d   a m o u n t   o f  

d e x t r a n   s o d i u m   s u l f a t e   was  3  mg  pe r   1  ml  of  t h e   g e l .  

The  o b t a i n e d   g e l   was  c h a r g e d   in  a  c o l u m n   h a v i n g   an  i n n e r  

d i a m e t e r   of  22  mm  and  a  l e n g t h   of  66  mm  ( v o l u m e :   25  m l )  

p r o v i d e d   w i t h   m e s h e s   a t   b o t h   ends   t h e r e o f   to  g i v e   a  

p l a s m a   p u r i f y i n g   d e v i c e   c a p a b l e   f o r   r e m o v i n g   a  

l o w - d e n s i t y   l i p o p r o t e i n .  

U s i n g   a  WHHL  r a b b i t   of  h y p e r l i p e m i a ,   a  b l o o d  

c i r c u l a t i n g   p a t h   o u t s i d e  t h e   body  was  f o r m e d   as  shown  i n  

F i g .   6.  A  b l o o d   c i r c u l a t i n g   pump  27,  H e p a s o n ' s   i n j e c t o r  

28,  p r e s s u r e   g a g e s   29,  a  p l a s m a   s e p a r a t o r   30,  a  p l a s m a  



c i r c u l a t i n g   pump  31  and  a  p l a s m a   p u r i f y i n g   d e v i c e   32  w e r e  

c o n n e c t e d   as  shown  in  F i g .   6.  The  b l o o d   was  c i r c u l a t e d  

o u t s i d e   t h e   body  at   a  f l o w i n g   r a t e   of  b l o o d   of  6  m l / m i n  

and  at   a  f l o w i n g   r a t e   of  p l a s m a   of  2  m l / m i n   f o r   2  h r s .  

As  t h e   r e s u l t ,   a  t o t a l   c h o l e s t e r o l   in  t h e   b l o o d   w a s  

d e c r e a s e d   f rom  500  m g / d l   to  190  m g / d l .  



1.  An  a p p a r a t u s   f o r   p u r i f i c a t i o n   of  b l o o d  

c o m p r i s i n g   (A)  a  b l o o d   f l o w i n g   s y s t e m   i n c l u d i n g   a  p l a s m a  

s e p a r a t i n g   d e v i c e   h a v i n g   a  b l o o d   i n l e t ,   a  b l o o d   o u t l e t  

f rom  w h i c h   p u r i f i e d   b l o o d   f l o w s   o u t ,   a t   l e a s t   one  p l a s m a  

r e s e r v o i r   b e t w e e n   s a i d   i n l e t   and  o u t l e t   w h i c h   has   at  l e a s t  

one  p l a s m a   o u t l e t   and  i n l e t   l o c a t i n g   c l o s e   to   s a i d   b l o o d  

i n l e t   and  o u t l e t ,   r e s p e c t i v e l y ,   and  (B)  a  p l a s m a   f l o w i n g  

p a t h   i n c l u d i n g   a t   l e a s t   one  p l a s m a   p u r i f y i n g   d e v i c e ,  

w h i c h   a l l o w s   p l a s m a   to   f l o w   f rom  s a i d   p l a s m a   o u t l e t   o f  

s a i d   p l a s m a   s e p a r a t i n g   d e v i c e   to   s a i d   p l a s m a   i n l e t   v i a  

s a i d   p l a s m a   p u r i f y i n g   d e v i c e ;   s a i d   p l a s m a   s e p a r a t i n g  

d e v i c e   is   made  up  of  s a i d   b l o o d   i n l e t ,   s a i d   b l o o d   o u t l e t  

f rom  w h i c h   p u r i f i e d   b l o o d   f l o w s   ou t   and   s a i d   p l a s m a  

r e s e r v o i r   s o r r o u n d e d   by  a  c o n t a i n e r ,   an  i m p u r e   b l o o d  

room  and  a  p u r i f i e d   b l o o d   room;   in  s a i d   p l a s m a   r e s e r v o i r  

a r e   e n c l o s e d   p o r o u s   h o l l o w   f i b e r s ;   and   s a i d   b l o o d   i n l e t  

and  s a i d   b l o o d   o u t l e t   a r e   c o n n e c t e d   by  s a i d   p o r o u s   h o l l o w  

f i b e r s ;  

so  t h a t   t h e   b l o o d   f l o w i n g  i n t o   s a i d   p l a s m a  

s e p a r a t i n g   d e v i c e   v i a   s a i d   b l o o d   i n l e t   i s   s e p a r a t e d   i n t o  

t h e   p l a s m a ,   t h e   p l a s m a   is   t a k e n   ou t   t h r o u g h   s a i d   p l a s m a  

o u t l e t   to   s a i d   p l a s m a   p u r i f y i n g   d e v i c e   and  p u r i f i e d   a t  

s a i d   p l a s m a   p u r i f y i n g   d e v i c e ,   t h e   p u r i f i e d   p l a s m a   i s  

r e t u r n e d   t o   s a i d   p l a s m a   r e s e r v o i r   t h r o u g h   s a i d   p l a s m a  

i n l e t   and  p a s s e s   t h r o u g h   s a i d   p o r o u s   h o l l o w   f i b e r s   to   m i x  

w i t h   b l o o d .  

2.  An  a p p a r a t u s   of  C l a i m   1,  w h e r e i n   a  d i a m e t e r  

of  p o r e s   a t   t h e   i n s i d e   s u r f a c e   of  s a i d   p o r o u s   h o l l o w  

f i b e r   is   0 . 0 1   to   10  µm. 

3.  An  a p p a r a t u s   of  C l a i m   1,  w h e r e i n   s a i d   p o r o u s  
h o l l o w   f i b e r   has   a  p e r m e a t i o n   r a t e   f o r   p u r e   w a t e r   of  n o t  

l e s s   t h a n   2  m l / m 2 · m i n · m m H g .  
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